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(54) Rapid prototyping 

(57) Rapid prototype apparatus (10) including an 
adhesive dispenser (12) for dispensing an adhesive 
(14) and an actuator (30, 50) which moves the adhesive 
dispenser. (12) in at least one of six degrees of freedom 
(preferably in at least four degrees of freedom, and most 
preferably in six degrees of freedom) in accordance with 
a geometry of an object (34). The adhesive dispenser 



(12) dispenses the adhesive (14) in accordance with the 
geometry of the object (34), applying successive layers 
of adhesive (14) one on top of the previous layer. The 
adhesive layers cure and bond to each other, thus form- 
ing a prototype (40) of the object (34). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to 
apparatus and methods for rapid prototyping, and par- 
ticularly to rapid prototype deposition modelling tech- 
niques and apparatus. 

BACKGROUND OF THE INVENTION 

[0002] Rapid prototyping systems are well known. The 
following U.S. Patents are believed to be representative 
of the state of the art: 5,545,367, 5,544,550, 5,542,070, 
5,515,903, 5,491,643, 5,459,868, 5,458,825, 
5,453,934, 5,448,687, 5,433,280, 5,426,722, 
5,398,193, 5,386,500, 5,307,499, 5,289,214, 
5,287,435, 5,263,130, 5,177,689, 5,157,423, 
5,139,338, 5,031,120, 4,961,154, 3,633,113, 
3,507,660, 3,411,686, 3,410,310, 3,368,989, 
3,262,808, and 3,248,444. 

[0003] Rapid prototyping methods of the art include 
stereolithography, solid ground curing, selective laser 
sintering, fused deposition modeling and droplet depo- 
sition, which are all discussed briefly in "Unraveling 
rapid prototype methods", M. K. Raymond, American 
Machinist. June 1996, pages 24-31. 
[0004] Fused deposition modeling (FDM) is an extru- 
sion method for thermoplastic material, developed and 
commercialized by Stratasys Inc., Eden Prairie, MN. In 
FDM, a continuous filament of a thermoplastic polymer 
or wax is passed through a heated nozzle. The material 
is delivered as a wire into an extrusion head and heated 
so that it is extruded at a temperature slightly above the 
flow point. The material solidifies rapidly after deposi- 
tion, each layer being fused to the previous layer. A 
drawback of FDM is that external supports are generally 
needed to support the deposited layers. The external 
supports must be removed after completing the model. 
[0005] U.S. Patent 5,578,227 to Rabinovich describes 
a model making method including delivering thin, con- 
tinuous feedstock of materials which have various pro- 
files with opposite flat sides and fusing the feedstock by 
adhesion or welding of a flat side with an energy source 
to a flat side of a previous layer, while keeping the feed- 
stock cross-section in substantially original shape. The 
"adhesion" of the Rabinovich method is not adhesive 
but rather a term used alternatively to "welding" to 
describe the joining of one layer to a previous layer. 
Rabinovich is limited to laser welding one flat side of a 
layer to another flat side of a pra/ious layer, and the 
method cannot be used for any cross-sectional shape. 
Additionally, the method is limited to weldable materials. 

SUMMARY OF THE INVENTION 

[0006] The present invention seeks to provide 
improved rapid prototype deposition modeling tech- 



niques and apparatus, wherein a building material is 
added layer by layer to build an accurate replica of a 
given object, without having to remove building material 
to arrive at the finished prototype. No heating of depo.s- 
5 ited material is required and no external supports are 
generally needed to support the deposited layers. The 
invention is applicable to a much wider variety of mate- 
rials and slender building elements than the prior art. 
[0007] There is thus provided in accordance with a 
10 preferred embodiment of the present invention, rapid 
prototype apparatus including an adhesive dispenser 
for dispensing an adhesive and an actuator which 
moves the adhesive dispenser in at least four degrees 
of freedom in accordance'with a geometry of an object. 
15 The adhesive dispenser then dispenses the adhesive in 
accordance with the geometry of the object, applying 
successive layers of adhesive one on top of the previ- 
ous layer. The adhesive layers cure and bond to each 
other, thus forming a prototype of the object. 
20 [0008] In accordance with a preferred embodiment of 
the present invention, a wire dispenser is also provided 
for dispensing a wire, wherein the actuator moves the 
wire dispenser in at least four degrees of freedom in 
accordance with the geometry of the object, and the 
25 adhesive dispenser applies adhesive to the wire so as 
to bond a previously dispensed portion of wire to a pres- 
ently dispensed portion of wire. Preferably the adhesive 
dispenser and the wire dispenser are juxtaposed with 
each other and the adhesive dispenser dispenses the 
30 adhesive as the wire is dispensed by the wire dispenser. 
Alternatively, the adhesive dispenser may be located so 
as to dispense the adhesive into the wire dispenser 
such that the wire is dispensed from the wire dispenser 
pre-coated with the adhesive. 
35 [0009] It is noted that throughout the specification and 
the claims the term "wire" encompasses any slender, 
dispensable building element, such as, but not limited 
to, wire, rod, bar, string, rope, thread, yarn, cord, fila- 
ment, fiber, twine, strand, chain, cable, or wire twist. 
40 [001 0] The wire may be constructed from one or mate- 
rials, such as, but not limited to, metals, plastics, espe- 
cially thermoplastics, natural (vegetable and animal) 
and synthetic fibers, composite materials, putty, elas- 
tomers, and adhesives. Even extrudable food products, 
45 such as dough, may be used. 

[0011] The adhesive is preferably a quick curing adhe- 
sive, such as, but not limited to, cyanoacrylates or ultra- 
violet curable adhesives. However, the invention can be 
carried out with other adhesives such as epoxies, ani- 
so mal glues and vegetable glues. 

[0012] Additionally in accordance with a preferred 
embodiment of the present invention, a cutter is pro- 
vided for cutting the wire after being dispensed by the 
wire dispenser. The cutter is particularly useful in form- 
55 ing discrete or non-continuous portions of the object. 
[0013] There is also provided in accordance with a 
preferred embodiment of the present invention, a 
method for producing a rapid prototype including dis- 
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pensing layers of an adhesive in at least four degrees of 
freedom in accordance with a geometry of an object, 
and curing the layers to form a prototype of the object. 
[0014] In accordance with a preferred embodiment of 
the present invention, a previously dispensed portion of 
adhesive is bonded to a presently dispensed portion of 
adhesive. Preferably a successive layer of adhesive is 
dispensed one on top of a previous layer. 
[0015] There is also provided in accordance with a 
preferred embodiment of the present invention, a 
method for producing a rapid prototype including dis- 
pensing layers of a wire in at least four degrees of free- 
dom in accordance with a geometry of an object, 
applying adhesive to the wire so as to bond a previously 
dispensed portion of wire to a presently dispensed por- 
tion of wire, and curing the adhesive so that the layers of 
the wire form a prototype of the object Preferably the 
adhesive at least partially covers a perimeter of the 
wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention will be understood and 
appreciated more fully from the following detailed 
description, taken in conjunction with the drawings in 
which: 

Fig. 1 is a simplified pictorial illustration of rapid pro- 
totype apparatus, constructed and operative in 
accordance with a preferred embodiment of the 
present invention; 

Fig. 2 is a simplified pictorial illustration of the rapid 
prototype apparatus of Fig. 1 forming a prototype of 
a three-dimensional object; 

Fig. 3 is a simplified sectional illustration of a por- 
tion of a prototype formed with the apparatus of Fig. 
1, taken along lines III - III in Fig. 2; 
Figs. 4A and 4B are simplified pictorial illustrations 
of wire dispensers, constructed and operative in 
accordance with two other preferred embodiments 
of the present invention; 

Fig. 5 is a simplified pictorial illustration of an alter- 
native method of applying adhesive to a wire in 
accordance with a preferred embodiment of the 
present invention; and 

Fig. 6 is a simplified pictorial illustration of an actu- 
ator capable of moving an adhesive dispenser and 
a wire dispenser in at least four degrees of freedom 
in accordance with a geometry of an object, con- 
structed and operative in accordance with a pre- 
ferred embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0017] Reference is now made to Fig. 1 which illus- 
trates rapid prototype apparatus. 10, constructed and 
operative in accordance with a preferred embodiment of 



the present invention. 

[0018] Rapid prototype apparatus 10 preferably 
includes an adhesive dispenser 12 for dispensing an 
adhesive 1 4. Adhesive dispenser 14 is may be any con- 

5 ventional adhesive dispenser and is preferably an elec- 
trically operated and controlled dispenser widely used in 
the packaging industry. Adhesive 14 is preferably a 
quick curing adhesive, such as, but not limited to, 
cyanoacrylates or ultraviolet curable adhesives. The 

10 present invention can also be carried out with other 
adhesives such as thermocurable adhesives, epoxies, 
animal glues, vegetable glues, lacquers, polymers, 
monomers, self-adhesive materials, double-sided adhe- 
sives, single side adhesives, and so-called "hot" glues. 

15 [0019] In the case of thermocurable adhesives, heat 
is applied, preferably in a controlled manner, to cure the 
adhesive. In the case of ultraviolet curable adhesives, 
an optic fiber 15 may be used to transmit ultraviolet 
energy to the adhesive for curing purposes. As is known 

20 in the art, the ultraviolet energy is transmitted at a fre- 
quency and power level selected for the particular adhe- 
sive. 

[0020] A wire dispenser 16 is preferably provided for 
dispensing a wire 18. Wire dispenser preferably has a 

25 storage receptacle 20 for storing therein wire 18 which 
may be dispensed through a nozzle 22. Preferably 
adhesive dispenser 12 and wire dispenser 16 are juxta- 
posed with each other and adhesive dispenser 1 2 dis- 
penses adhesive 14 as wire 18 is dispensed by wire 

30 dispenser 16. The flow of adhesive 14 on wire 18 will be 
described more in detail hereinbelow. Adhesive dis- 
penser 12 and wire dispenser 16 may be fixedly 
attached to each other, such as by means of a bracket 
24. Wire 18 is typically dispensed on a bed 26. 

35 [0021] The type of wire dispenser 16 used depends on 
the form of wire 18. Preferably apparatus 10 includes a 
set of interchangeable wire dispensers 1 6 and/or noz- 
zles 22 to suit a particular wire 1 8 and selected material. 
For example, for slender, soft wires, such as string or 

40- thread, wire dispenser 16 may comprise a bobbin for 
holding the wire 18 and wire 18 may simply be spooled 
off from the bobbin, such as through wheels and guides 
to prevent snagging, in a manner similar to that of a 
sewing machine. Referring to Fig. 4A, it is seen that 

45 nozzle 22 may comprise a folded conical nozzle 27 
which ensures that a soft wire 18 is accurately fed from 
a tip of nozzle 27, regardless of the position of the rest 
of wire 18 upstream from the tip of nozzle 27. For 
harder, yet malleable materials, such as copper wire, 

so wire dispenser 16 may comprise feeding equipment for 
feeding a generally continuous wire which is dispensed 
through nozzle 22. In such a case, the wire is generally 
annealed before dispensing thereof, or may even be 
preheated. 

55 [0022] Reference is now made to Fig. 4B which illus- 
trates a wire dispenser 17, constructed and operative in 
accordance with another preferred embodiment of the 
present invention. Wire dispenser 17 as illustrated is a 
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capillary type of dispenser commercially available from 
such companies as Micro-Swiss Ltd., P.O. Box 90, 
Yokneam Elite, Israel, that is used in the semiconductor 
interconnect industry. Such a dispenser is particularly 
useful to dispense very thin wires such as gold wires 
used to interconnect integrated circuits and I/O leads in 
microelectronics. Such wires may be bonded to each 
other by ultrasonic welding at frequencies of 50-70 KHz, 
for example. Wire dispenser 17 has an inner diameter D 
that is slightly larger than the diameter of the wire being 
dispensed. The example of wire dispenser 17 empha- 
sizes the applicability of the present invention to even 
very small diameter wires such as 0.001 mm. 
[0023] Reference is now made to Fig. 4C which illus- 
trates a wire dispenser 19, constructed and operative in 
accordance with yet another preferred embodiment of 
the present invention. Wire dispenser 19 is a holding 
instrument, such as tweezers, tongs or pliers, for exam- 
ple. In this embodiment, a wire cutter 21 may be pro- 
vided together with the dispenser 19, for cutting wire 1 8. 
[0024] No matter what form wire dispenser 16 and 
wire 18 are provided, wire 18 is preferably dispensed 
from wire dispenser 16 such that - only a required 
amount of wire 18 protrudes from and is fed by nozzle 
22 and the rest of wire 1 8 remains on its spool or bobbin 
or other storage apparatus. 

[0025] Wire 1 8 may be constructed from one or mate- 
rials, such as, but not limited to, metals, plastics, espe- 
cially thermoplastics, natural (vegetable and animal) 
and synthetic fibers, composite materials, putty, elas- 
tomers, glass and adhesives. Even extrudable food 
products, such as dough, may be used. Wire 18 gener- 
ally has a round cross section, although any other arbi- 
trary cross section such as rectangular or triangular is of 
course possible. The accuracy of the finished prototype 
depends largely on the thickness of wire 18. Wires with 
a diameter of 0.001 mm may be used to achieve espe- 
cially high accuracy. 

[0026] In accordance with a preferred embodiment of 
the present invention, a cutter 28 is provided for cutting 
wire 18 after being dispensed by wire dispenser 16. 
Cutter 28 is particularly useful in forming discrete or 
non-continuous portions of an object. Cutter 28 is illus- 
trated as an electrically operated and controlled knife, 
but it is appreciated that cutter 28 may comprise other 
cutting instruments, such as a laser or water jet. Cutter 
28 is illustrated disposed intermediate adhesive dis- 
penser 12 and wire dispenser 16, however, it is appreci- 
ated that cutter 28 may be placed in any other suitable 
location. 

[0027] Apparatus 10 includes an actuator 30 which 
moves adhesive dispenser 12 and wire dispenser 16 in 
at least one of six degrees of freedom (preferably in at 
least four degrees of freedom, and most preferably in 
six degrees of freedom). For simplifying the description 
of the embodiment, Fig. 1 illustrates a greatly simplified 
version of actuator 30, however, a more detailed illustra- 
tion of a preferred embodiment of an actuator is given 



with reference to Fig. 6. Actuator 30 preferably commu- 
nicates with a computer 32 which contains a data base 
containing the three-dimensional geometry of an object 
34. As is well known in the art of rapid prototyping, read- 
5 ily available software may be used to communicate the 
geometry of object 34 to actuator 30 in accordance with 
a variety of protocols and coordinate systems, such as 
Cartesian, polar or cylindrical. Optionally customized 
software may be developed in accordance with a partic- 
7o ular need. 

[0028] Preferably a user can interact with the software 
and input data, such as wire thickness, type of material, 
and type of adhesive. Using stored data of physical and 
mechanical properties of adhesives and wire materials, 
15 and using well known . principles of mechanical engi- 
neering, the software can calculate and control move- 
ment of actuator 30. in accordance with the chosen 
adhesive and material. 

[0029] Actuator 30 thus may be used to move adhe- 
20 sive dispenser 12 and wire dispenser 16 in accordance 
with the geometry of object 34. Computer 32 may be in 
wired or wireless communication with adhesive dis- 
penser 12, wire dispenser 16, cutter 28 and actuator 30. 
[0030] Reference is now made to Fig. 2 which illus- 
25 trates rapid prototype apparatus 10 forming a prototype 
of three-dimensional object 34 (Fig. 1). Actuator 30 pref- 
erably dispenses layers of wire 18 in accordance with, 
the geometry of object 34, and adhesive dispenser 12 
applies adhesive 14 to wire 18 so as to bond a previ- 
30 ously dispensed portion of wire 18 to a presently dis- 
pensed portion of wire 1 8. A successive layer of wire 1 8 
may be dispensed one on top of a previous layer. Adhe- 
sive 14 then cures so that the layers of wire 18 form a 
prototype 40 of object 34. 
35 [0031] If necessary, wires of different materials may 
be dispensed to form a multi-material prototype. Moreo- 
ver, a portion of the prototype may be formed with a dis- 
cardible wire, i.e., a wire which serves as a support for 
other wires and which is purposely removed later to 
40 form the finished prototype. For example, a portion of 
the prototype may be formed with wax wires which 
serve as a support for structural wires, such as metal 
wires. The wax wires are later removed by melting, 
thereby leaving a metal wire prototype. 
45 [0032] Reference is now made to Fig. 3 which illus- 
trates a portion of prototype 40 formed with wire 13 and 
adhesive 14. It is seen that preferably adhesive 14 at 
least partially .covers a perimeter of wire 18. Adhesive 
dispenser 12 may control application of adhesive 14 to 
so control the degree of covering of wire 18 and, to some 
extent, the finished appearance of the surface of proto- 
type 40. Adhesive 14 generally wicks by capillary action 
between successive layers of wire 18. Adhesive 18 may 
be applied to bond wire 18 to bed 26, if desired, in order 
55 to fix the first layer of wire 1 8 in place. 

[0033] Reference is now made to Fig. 5 which illus- 
trates an alternative method of applying adhesive 14 to 
wire 18, in accordance with a preferred embodiment of 
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the present invention. Adhesive dispenser 12 may be 
located so as to dispense adhesive 14 into nozzle 22 
such that wire 18 is dispensed from wire dispenser 16 
pre-coated with adhesive 14. Indeed application of the 
wires and adhesive may be synchronized in any desired 
manner. 

[0034] In accordance with another preferred embodi- 
ment of the present invention, prototype 40 may be pro- 
duced by only dispensing layers of adhesive 14 in at 
least one of six degrees of freedom, (preferably in at 
least four degrees of freedom, and most preferably in 
six degrees of freedom) in accordance with the geome- 
try of object 34, and thereafter curing the layers of adhe- 
sive 14. Preferably a previously dispensed portion of 
adhesive 14 is bonded to a presently dispensed portion 
of adhesive 14. A successive layer of adhesive 14 may 
be dispensed one on top of a previous layer. In this 
embodiment, engineering and design parameters, such 
as size of an adhesive bead being dispensed, viscosity 
and density of adhesive, bonding and curing character- 
istics, of the adhesive, should be carefully chosen in 
order that each subsequent layer of adhesive bonds 
and cures properly with previous layers. 
[0035] Reference is now made to Fig. 6 which illus- 
trates an actuator 50, constructed and operative in 
accordance with a preferred embodiment of the present 
invention. 

[0036] Actuator 50 preferably includes a three-dimen- 
sional motion system 52, such as the NEURACTOR 
CNC® computer numerically controlled desktop manu- 
facturing system, commercially available form U.S. 
Cyberlab, Inc., 14786 Slate Gap Rd., West Fork, Arkan- 
sas. It is appreciated that other three-dimensional 
motion systems or computer numerically controlled sys- 
tems may be used to carry out the invention as well. 
Such a system is readily controlled by computer 32 as 
described hereinabove. 

[0037] System 52 preferably includes a motion head 
54 mounted on a guide element 56. Opposite ends of 
guide element 56 are preferably disposed for sliding 
motion in a pair of rails 58 generally along an axis 60. 
Motion head 54 is preferably disposed for sliding motion 
in a track 62 of guide element 56 generally along an axis 
64, generally perpendicular to axis 60. Motion head 54 
preferably includes a track 66 in which a block 68 is dis- 
posed for sliding motion generally along an axis 70, 
generally orthogonal to axes 60 and 64. Axes 60, 64 
and 70 thus form a Cartesian coordinate system. 
Motion control circuitry 79 controls motion of motion 
head 54. 

[0038] A wire dispenser 80 dispenses a wire 82 to 
motion head. As described hereinabove for adhesive 
dispenser 12, an adhesive dispenser (not shown) may 
be fixedly attached to motion head 54. Thus, actuator 
50 is capable of moving an adhesive dispenser and a 
wire dispenser in at least one of six degrees of freedom 
in accordance with a geometry of an object. A UV lamp 
84 may be provided which transmits UV light via an 



optic fiber 86 to the vicinity of motion head 54 to cure the 
layers of adhesive. A control panel 88 with control but- 
tons may be provided for convenient operation of the 
system. 

5 [0039] In summary, the present invention provides an 
improved technique for building any size prototype, 
wherein a building material is added layer by Jayer to 
build an accurate replica of a given object, without hav- 
ing to remove building material to arrive at the finished 

10 prototype. The prototype may afterwards be coated or 
finished by any suitable coating or finishing technique, 
such as painting or electrochemical finishing, for exam- 
ple. 

[0040] The present invention may be conveniently 
15 used to scan an object for inputting three-dimensional 
data of the object into a computer program. The nozzle 
22 of wire dispenser 16 may be replaced with a scan- 
ning tip which is passed over the object, as is known in 
the art. 

20 [0041] It is appreciated that various features of the 
invention which are, for clarity, described in the contexts 
of separate embodiments may also be provided in com- 
bination in a single embodiment. Conversely, various 
features of the invention which are, for brevity, described 

25 in the context of a single embodiment may also be pro- 
vided separately or in any suitable subcombination. 
[0042] It will be appreciated by persons skilled in the 
art that the present invention is not limited by what has 
been particularly shown and described hereinabove. 

30 Rather the scope of the present invention is defined 
only by the claims which follow: 

Claims 

35 1. Apparatus (10) for producing a prototype (40) of an 
object (34), characterized by: 

an adhesive dispenser (12) for dispensing an 
adhesive (14); and 
40 an actuator (30, 50) which moves the adhesive 

dispenser (12) in at least four degrees of free- 
dom in accordance with a geometry of said 
object (34). 

45 2. Apparatus (10) according to claim 1 and comprising 
a wire dispenser (16, 17, 19, 80) for dispensing a 
wire (18), wherein the actuator (30, 50) moves the 
wire dispenser (16, 17, 19, 80) in at least four 
degrees of freedom in accordance with the geome- 

50 try of the object (34), and the adhesive dispenser 

(12) applies adhesive (14) to the wire (18) so as to 
bond a previously dispensed portion of wire (18) to 
a presently dispensed portion of wire (18). 

55 3. Apparatus (10) according to claim 1 wherein the 
adhesive dispenser (12) and the wire dispenser 
(16, 17, 19, 80) are fixedly attached to each other. 
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4. Apparatus (10) according to claim 1 wherein the 
adhesive dispenser (12) dispenses the adhesive 
(14) as the wire (18) is dispensed by the wire dis- 
penser (16, 17, 19). 

5. Apparatus (10) according to claim 1 wherein the 
adhesive dispenser (12) dispenses the adhesive 
(14) into the wire dispenser (16, 17, 19, 80) such 
that the wire (18) is dispensed from the wire dis- 
penser (16, 17, 19, 80) pre-coated with the adhe- 

' sive (14). 



8. 



glues. 



10 



6. Apparatus (1 0) according to claim 1 and comprising 
a cutter (28) for cutting the wire (18) after being dis- 
pensed by the wire dispenser (16, 17, 19). 15 

7. A method for producing a prototype (40) of an 
object (34) characterized by: 



dispensing layers of an adhesive (14) in at least 
four degrees of freedom in accordance with a 
geometry of the object (34); and 
curing the layers to form a prototype (40) of the 
object (34). 

A method according to claim 7 wherein a previously 
dispensed portion of the adhesive (14) is bonded to 
a presently dispensed portion of the adhesive (14). 



14. A method according to claim 10 wherein the adhe- 
sive (14) is selected from the group consisting of: 
quick curing adhesives, cyanoacrylates, ultraviolet 
curable adhesives, thermocurable adhesives, epox- 
ies, animal glues, vegetable glues, lacquers, poly- 
mers, monomers, self-adhesive materials, double- 
sided adhesives, single side adhesives* and hot 
glues. 

1 5. A method according to claim 1 0 wherein said bond- 
ing further comprises ultrasonic welding. 



16. A method according to claim 7 wherein the wire 
(18) is selected from the group consisting of: met- 
als, plastics, thermoplastics, vegetable fibers, ani- 
mal fibers, synthetic fibers, composite materials, 
putty, elastomers, adhesives and extrudable food 

20 products. 

17. A method according to claim 10 wherein the wire 
(18) is selected from the group consisting of: met- 
als, plastics, thermoplastics, vegetable fibers ani- 

25 mal fibers, synthetic fibers, composite materials, 
putty, elastomers, adhesives and extrudable food 
products. 



A method according to claim 7 wherein a succes- 
sive layer of the adhesive (1 4) is dispersed one on 
top of a previous layer. 
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10. A method for producing a prototype (40) of an 
object (34) comprising; 



35 



dispensing layers of a wire (18) in at least four 
degrees of freedom in accordance with a 
geometry of the object (34); and 
bonding a previously dispensed portion of the 40 
wire (18) to a presently dispensed portion of 
the wire (18) with adhesive (14). 



11. A method according to claim 10 and comprising 
curing the adhesive (14) so that the layers of the 
wire (18) form a prototype (40) of the object (34). 



45 



12. A method according to claim 11 wherein the adhe- 
sive (14) at least partially covers a perimeter of the 
wire (18). so 



13. A method according to claim 7 wherein the adhe- 
sive (14) is selected from the group consisting of: 
quick curing adhesives, cyanoacrylates, ultraviolet 
curable adhesives, thermocurable adhesives, epox- 55 
ies, animal glues, vegetable glues, lacquers, poly- 
mers, monomers, self-adhesive materials, double- 
sided adhesives, single side adhesives, and hot 
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